BACKGROUND: Slow expiration with glottis opened in lateral posture (ELTGOL, l'expiration lente totale glotte ouverte en infralatéral) has been used in clinical practice to improve mucus clearance from peripheral airways. The purpose of this crossover study was to evaluate the effect of ELTGOL on mucus clearance of right and left lungs, especially of peripheral lung areas, in stable patients with chronic bronchitis. METHODS: Twelve 45-75-year-old patients with chronic bronchitis were studied (10 of whom had mild to moderate COPD according to the Global Initiative for Chronic Obstructive Lung Disease guidelines). Control and ELTGOL interventions were performed on a randomized allocation of subjects. Mucus clearance was measured through 6 posterior scintigraphy images taken with the patient in the right lateral decubitus position 20 (T1), 40 (T2),
Introduction
Chronic hypersecretion and impaired mucus clearance are some of the pathophysiological changes in chronic bronchitis and COPD. These conditions are highly prevalent and increasing causes of morbidity and mortality worldwide. 1 Chronic hypersecretion and impaired mucociliary transport can lead to airway mucus retention. 2 Infections of the lower respiratory tract are related to 65% of COPD exacerbations. 3 It is important to identify patients who retain airway mucus and take preventive measures to minimize the risk of a pulmonary infection. 4 It seems that the use of multiple therapeutic strategies can have a positive impact on exacerbation and hospitalization of these patients. 1 Several therapeutic strategies, including percussion, postural drainage, chest compression, autogenic drainage, and active cycle breathing techniques, are used to improve airway clearance in these patients. 5, 6 ELTGOL (an acronym from the French term "l'expiration lente totale glotte ouverte en infralatéral") can be defined as an active-passive or active technique where the patient is positioned in lateral decubitus and carries out slow expirations from functional residual capacity (FRC) to residual volume with the glottis open. A physiotherapist behind the patient exerts infralateral abdominal pressure and a counter-support pressure in the overlateral lower rib cage. The ELTGOL has been described as a new and efficient maneuver for patients with impaired secretion. 7 However, studies analyzing ELTGOL have been performed only during exacerbations. 8, 9 The purposes of this study were to evaluate the effects of ELTGOL on mucus clearance, especially in peripheral lung areas, in stable patients with chronic bronchitis, and to compare the efficacy of this technique in both lungs.
Methods

Patients
The sample size, calculated by G*Power 3 software (http://www.psycho.uni-duesseldorf.de/abteilungen/aap/ gpower3), was based on a pilot study performed with the first 10 patients. Taking into consideration the level of significance of .05 and the power of 0.80, the result was a sample between 9 and 12 participants. For this crossover study, patients with chronic bronchitis were enrolled according to the following inclusion criteria: age between 45 and 75 years old, clinical stability in the 3 weeks preceding the study, flow limitation assessed by spirometry according to Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2 without association to bronchiectasis, and daily cough and expectoration for at least 3 consecutive months in the last 2 years. 2 The following exclusion criteria were applied: exacerbation during the period of the study, peripheral oxygen saturation lower than 85% in room air, respiratory rate higher than 35 breaths/min, and difficulty performing procedures. All patients were maintained on their usual medication, 10 and no chest physiotherapy was performed in the last 48 hours before the interventions. The study was performed between March and October 2006, approved by the hospital ethics committee, and all patients gave written consent for their participation.
Instruments
The radioaerosol used was 20 mCi of technetium-99m with diethylene-triamine-pentaacetic acid (TC99m-DTPA) diluted in 3 mL of 0.9% physiologic serum. Aerosol flow was maintained at 7 L/min and adjusted by oxygen bursts using a jet nebulizer (ST3, NS Medical Devices, São Paulo, Brazil) placed in a lead box (Ultravent, Mallinckrodt Medical; St Louis, Missouri). 11 A gamma camera (Millennium, General Electric, Madison, Wisconsin) connected to a computer was used to assess the initial regional distribution and subsequent clearance of the radioaerosol particles in the lungs. A posterior matrix of 256 ϫ 256 ϫ 16 was used to record a major part of the lung volume. 11 Every image was acquired for 2 minutes. 10 
Initial Evaluation
Patients were surveyed for anthropometric data, age, smoking history, previous pulmonary illness, and daily medication. Respiratory rate, heart rate, and peripheral oxygen saturation were taken. Spirometry (2120, Vitalograph, Buckingham, United Kingdom) was performed, and FEV 1 and FEV 1 /FVC were used to classify the severity of patients with COPD. 2, 12 After this evaluation a brief demonstration about ELTGOL was performed with each patient who had been randomly referred (MatLab, MathWorks, Natick, Massachusetts) for either intervention or a control procedure, with a minimum of a week interval between each intervention. The interventions were always performed in the morning by the same physiotherapist. The exams were performed by a nuclear medicine technician and analyzed by a researcher blinded to the interventions.
The radioaerosol inhalation time was 10 min, and the patients were in a seated position wearing a nose clip. Patients were asked to breathe normally, and every 3 min
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Current knowledge
Slow expiration with glottis opened in lateral posture (ELTGOL) is used in clinical practice to improve mucus clearance from peripheral airways.
What this paper contributes to our knowledge ELTGOL was efficient in increasing peripheral airway clearance in dependent lung of patients with chronic bronchitis and concurrent mild to moderate COPD.
to breathe slowly and deeply and hold their breath for 3 seconds to enhance the deposition of radioaerosol in the peripheral airways of their lungs. 11, 13 Patients were studied in the supine position with the gamma camera's collimator positioned under their back. 11 
Intervention Control
The baseline image (T0) was obtained immediately after inhalation. The second, third, fourth, and fifth images were obtained at 20 min intervals after T0 (T1, T2, T3, T4, respectively). The sixth image (T5) was obtained 40 min after T4. The study was completed in a total of 120 min. Spontaneous, but not stimulated, coughing was allowed. Patients remained in the right lateral decubitus position during the entire period.
Intervention ELTGOL
The baseline image (T0) was obtained, as in the control group, after inhalation of the radioaerosol. Immediately after T0, ELTGOL was performed with patients placed in right lateral position to avoid any influence of the stomach on the images. The second, third, fourth, and fifth images were obtained at the same intervals as in the control group, over a total time of 120 min. As with the control group, spontaneous, but not stimulated, coughing was allowed and patients remained in the right lateral decubitus position during the entire period.
Patients were first asked to breathe normally. Then they were asked to breathe slowly from FRC to residual volume, using a mouthpiece to maintain the glottis opened, in order to decrease airway compression. 14, 15 During the slow expiration the physiotherapist performed a slow abdominal compression, similar to a left chest wall compression, to increase lung deflation. 7 Three series of ELTGOL were performed. Each was composed of 10 slow and deep expirations. Between each series of maneuvers, a 2 minute rest period was allowed. During the rest period, patients remained in the right lateral position. This session lasted exactly 20 min for all patients. After ELTGOL the same set of images as in the control group (T1, T2, T3, T4 and T5) was obtained.
Measurements
Measurements were performed on both right and left lungs to analyze the technique effect in the same position of each. Images of lungs were divided into central, intermediate, and peripheral areas. 11 Using the radioaerosol tracer technique, mucus clearance was measured in all regions of interest (ROI), including the total area. Mucus clearance was assessed by the radioactivity retained as a percentage of the initial activity over time. 10, 11, 13, [16] [17] [18] 
Statistical Analysis
Distribution analysis was performed using the Kolmogorov-Smirnov test. Data are reported as mean Ϯ SD. A comparison between pairs of measurements was performed using a paired t test to analyze the retention percentage of radioaerosol activity for each time studied in all ROIs. The significance level (␣) was set at .05 for all tests. Statistical analysis was performed with SPSS 13.0 (SPSS, Chicago, Illinois).
Results
Seventeen patients were selected for this study. Five patients were excluded: 4 had clinical problems between the 2 sessions of the study (3 with exacerbation, one with acute myocardial infarction), and one because his data were impossible to analyze.
Twelve patients completed the study: 8 men and 4 women. On average they were 61.76 Ϯ 8.13 years old, with a mean body mass indexes of 30.11 Ϯ 9.26 kg/m 2 , a mean respiratory rate of 20 Ϯ 2 breaths/min, a mean heart rate of 91 Ϯ 3 beats/min, and a mean peripheral oxygen saturation of 95 Ϯ 2%. Four patients were smokers, one was a non-smoker, and 7 were ex-smokers; none of the patients was on oxygen therapy. FEV 1 was 60.41 Ϯ 12.51% and FVC was 87.41 Ϯ 9.69%, measured as percentages of predicted values. 20 FEV 1 /FVC was equal to 60.39 Ϯ 14.31 post-bronchodilator. 2 All patients were able to perform measurements. Figure 2 shows the initial mean distribution of deposited radioaerosol in the 3 ROIs after inhalation by patients during control and ELTGOL. No significant differences were observed between the baseline in control and ELT-GOL in the right or left lung (P Ͼ .05). Figure 3 shows mucus clearance during control and ELT-GOL in the right lung (infralateral) for peripheral, intermediate, central, and total areas. Except for T1, we always observed a significant increase of mucus clearance in the peripheral area during ELTGOL, when compared to control. For the intermediate area a significant increase in mucus clearance during ELTGOL was observed only at T1 and T2. Significant increases were found at T1, T2, T3, and T4 during ELTGOL in the central area, when compared to the control. Total right lung analysis shows a significant increase of mucus clearance during ELTGOL in all comparisons to control. Figure 4 (next page) shows the mucus clearance during control and ELTGOL in the left lung for the peripheral, intermediate, central, and total areas. There were no significant changes in the peripheral area during ELTGOL, when compared to control. For the intermediate area, a significant increase during ELTGOL was observed only at T1 and T2. For the central area, significant increases were found at T1, T2, and T3 during ELTGOL, whereas significant increases in the total area of left lung were found only at T1 and T2.
Discussion
The main finding of this crossover study is that ELT-GOL significantly increases mucus clearance in the peripheral area of the right lung, the dependent lung, demonstrating the selective aspect of this technique in patients with chronic bronchitis. There were other findings as follows:
• No significant differences were found in the peripheral area of the left lung when compared to control.
• The total area of the right lung showed a significant increase of mucus clearance when the ELTGOL was compared with control at all of the times studied; however, except T1 and T2, no significant differences were observed in the total area of the left lung.
These results clearly showed that the peripheral area of the right lung was responsible for the significant increase of the clearance in its total area, because the increased clearance occurred until T2 in the intermediate area and until T3 in the central area in both lungs.
These findings show that ELTGOL was efficient at increasing the clearance of mucus in stable patients with chronic bronchitis, especially in the periphery of the right lung (in the infralateral position). These results reinforce the effectiveness of ELTGOL, because significant increases in mucus clearance had begun at T2. In contrast, no significant difference was observed in the peripheral area of the left lung. We observed that the total area of the right lung showed significant increases in mucus clearance at all the times studied when ELTGOL was compared with control. In contrast, significant differences were observed only at T1 and T2 in the left lung. Therefore, the clearance in the total area of the right lung seems to be related to the increase of clearance in the peripheral area of the right lung.
The results found in the intermediate and central areas were similar for both the right and left lungs. According to the model proposed by Agnew et al, 21 mucus follows a route from the peripheral area to the central area of the lungs. Therefore, the mucus depurated from the peripheral area is added to the intermediate area, masking the clearance; this also happens between intermediate and central areas. In central areas, where sufficiently high-speed flow can be obtained, [22] [23] [24] bronchial mucus was probably eliminated through coughing. 25 The Agnew model reinforces that ELTGOL was responsible for the increased clearance of the peripheral areas. It is possible that these results, observed in both lungs as well as in both interventions, were influenced by cough, which was not stimulated but was allowed. The fact that coughing frequency number was neither controlled nor recorded can be considered a limitation of the study.
The fact that patients were maintained on the same medication throughout the study period can be considered another limitation of our study. Some patients used longacting bronchodilators, but no supplementary medication was used before the measurements, which was verified each day, and measurements were performed at the same time of day in the 2 arms of the study. So, considering that each patient was his or her own control, this probably has no impact on the results.
According to the technique description, 7 ELTGOL promotes a contra-gravitational mobilization of the mucus in the median and peripheral airways. The choice of lateral decubitus for its performance is due to the search for a better deflation that is favored by 3 forces: gravity, mediastinum weight, and pressure of abdominal viscera on the infralateral lung. A higher deflation of the infralateral lung, achieved through posture associated with a slow expiratory flow obtained in low pulmonary volumes (from FRC) with the use of the mouthpiece, would improve mucus clearance from more distal airways. 14 The expiratory flow can be optimized in different bronchial generations, and low speed flow will provide a more distal action in the tracheobronchial tree, which is influenced by the gas-liq- uid interaction. 26 Thus, this slow flow would mobilize mucus in more distal airways. 7, 25 Lannefors and Wollmer 10 studied mucus clearance in patients with cystic fibrosis, comparing 3 techniques of respiratory physiotherapy: postural drainage, positive expiratory pressure mask, and physical exercise. As in our study, the authors used ventilatory scintigraphy to measure mucus clearance. The authors reported the "surprising finding" that when postural drainage results were analyzed in the 2 lungs, there was a higher mucus clearance in the dependent lung (infralateral) in 7 of 9 studied patients. This finding contradicts the theoretical bases of postural drainage; perhaps this could be explained by the higher mucus clearance in the lung that was in the dependent position.
Bellone et al 8 compared the efficacy of 3 techniques of chest physiotherapy, including ELTGOL, on 10 patients with exacerbated chronic bronchitis. The weight of secretions eliminated was evaluated. The results showed that, during the intervention, all 3 techniques were safe and effective in removing secretions. The total quantities of secretions removed after 1 hour of application of the technique were significantly higher when Flutter and ELT-GOL were applied, compared to postural drainage. Kodric et al 9 recruited 59 patients who were hospitalized for the treatment of exacerbations of COPD, and each was randomly assigned to control or intervention groups. The control group was treated with standard medical therapy, whereas the intervention group was treated with ELTGOL plus medical therapy. A subgroup of patients was followed for 6 months to verify the effects on COPD exacerbations and the need for hospitalizations. The Borg score was significantly improved in the ELTGOL group, and during the follow up the ELTGOL group had numerically fewer exacerbations and less need for hospitalization. Although these studies present methodological differences, ELTGOL demonstrated positive results for each outcome studied.
There was no significant difference in the initial regional radioisotope distribution between the 2 arms of the study in either lung. This ensured equivalent deposition, despite the influence of the size of the inhaled particles and breathing pattern during inhalation in the radioisotope deposition.
Furthermore, a random allocation was used to assign each patient to the control or ELTGOL group. Furthermore, interventions were carried out with a week interval between them. The number of evaluated patients was in accordance with the estimate of the appropriate sample size based on a pilot study. Daily sputum was not measured, because the movement of particles reflects the mucus movement in the airways. Therefore, we believe it is possible to generalize these findings to the studied population.
Mucus clearance has been widely studied to assess the removal of bronchial secretions, and, despite its cost, radioisotope inhalation is the most widely used method. After inhalation, the reduction of radioactivity over time is quantified in sequential images. The transport of mucus from the lungs is assessed by the retention of radioactivity as a percentage of initial radioactivity in the ROIs. [27] [28] [29] Several studies have reported that lung scintigraphy would be the most appropriate instrument to measure the clearance of mucus. 10, 11, 13, 24, 30 Another methodological aspect to be discussed is the 4 smokers included in the study. Some phenomena are associated with acute smoke exposure; these include an autonomic stimulation and cough, which can have different effects on lung mucus transport. 28 Agnew et al 16 found no significant difference between mucus clearance in patients with chronic bronchitis, smokers, and ex-smokers. Moreover, the study was performed early in the morning, and the patients were instructed not to smoke before the study. Because the patient served as his own control in our study, this potential bias was minimized.
Functional repercussions related to bronchial mucus can vary greatly. In the most advanced stage, impaired gas exchange is inevitable. 31 This impairment can reduce the activity and social participation of individuals with hypoxemic COPD. In the future, the long-term effects of ELT-GOL, such as exacerbation frequency and intensity, hospitalizations, and quality of life, can be investigated to develop a full understanding of this technique. 32 We can speculate that the routine use of this technique might contribute to the prevention of infections of the lower respiratory tract in these patients and benefit lung function.
Conclusions
Our findings suggest that ELTGOL significantly increased mucus clearance in the peripheral area of the infralateral lung in patients with stable chronic bronchitis, most of whom had mild to moderate COPD.
